ing speed and handgrip strength (HGS) were measured. BC was measured by the Body Composition Monitor © . Longitudinally, these parameters were assessed in 42 CKD-5 nondialysis patients (who were also part of the cross-sectional analysis), before the start of dialysis and 6 months thereafter. Results: PA was significantly lower in CKD-5 non-dialysis patients as compared to that in healthy controls but not as compared to that in dialysis patients. HGS was significantly lower in dialysis patients as compared to that in healthy controls. Walking speed was significantly lower in CKD-5 nondialysis patients as compared to that in healthy controls but not as compared to that in dialysis patients. Six months after starting dialysis, activity related energy expenditure (AEE) and walking speed significantly increased. Conclusions: PA is already lower in CKD-5 non-dialysis patients as compared to that in healthy controls and does not differ from that of dialysis patients. However, the transition phase from CKD-5 non-dialysis to dialysis is associated only with a modest improvement in AEE. 
Introduction
It is known that dialysis patients have decreased levels of physical activity (PA), matching a sedentary lifestyle, recently defined as number of steps <7,500/day [1] . Physical inactivity in dialysis patients is associated with an increased risk for hospitalization and mortality [2, 3] , and with alterations in body composition (BC) and decreased muscle strength [4] . Also in earlier phases of chronic kidney disease (CKD) a reduced PA has been observed [5] .
The transition phase from stage 5 CKD (CKD-5) nondialysis to dialysis, as well as chronic dialysis treatment can have a major physiological and psychological impact on end-stage renal disease (ESRD) patients [6] . It is not well known whether PA is affected by chronic dialysis treatment or whether low PA is an inherent characteristic of ESRD. Whereas some literature suggests that PA is already decreased in the CKD-5 non-dialysis phase due to fatigue related to uremic disorders, the presence of comorbidity, and pre-existent lifestyle factors [7] , others indicate that PA is adequately preserved in a cohort of CKD stages 4-5 patients [8] . Additionally, in theory, dialysis treatment may improve PA on non-dialysis days due to partial correction of the uremic state. Nevertheless, the treatment may induce fatigue and stimulate a sedentary lifestyle even on dialysis days [9] .
PA may also be associated with BC changes. This may be of prognostic importance, as lower lean tissue index (LTI; lean tissue mass [LTM] corrected for height) is related to higher mortality, although the relation between fat tissue index (FTI; adipose tissue mass [ATM] corrected for height) and survival in dialysis patients is not straightforward [10] . However, to the best of our knowledge, only limited data are available to assess the association between PA and BC in a cohort including CKD-5 non-dialysis and dialysis patients [11] [12] [13] .
This study first aimed to compare PA and physical performance cross-sectionally between CKD-5 non-dialysis and dialysis patients, and healthy controls. Second, we aimed to assess longitudinally alterations in PA and physical performance during the transition from CKD-5 nondialysis to dialysis, and third, to assess the associations between PA and BC parameters in ESRD patients.
Materials and Methods
This study consisted of a cross-sectional and a longitudinal part. The cross-sectional analyses included 73 patients; 44 CKD-5 nondialysis patients and 29 dialysis patients, and 20 healthy controls.
Patients were recruited from dialysis centers in the Netherlands and Belgium: Maastricht, Eindhoven, Venlo, Sittard, Roermond, and Hasselt. CKD-5 non-dialysis patients were ESRD patients starting dialysis within one month. Dialysis patients had been treated with hemodialysis (HD) or peritoneal dialysis (PD) for at least 12 months.
The longitudinal analyses are part of an ongoing prospective study and included 42 of the CKD-5 non-dialysis patients (who were also part of the cross-sectional analysis) for whom 6 months follow-up data were available. Inclusion for the longitudinal analyses was solely based on the availability of the 6-month follow-up data. In addition, out of the 44 patients in the cross-sectional analyses, 2 patients received a kidney transplant before the 6-month follow-up measurement took place, and were excluded from the longitudinal analyses. Measurements were performed before the start of dialysis (maximum 4 weeks prior to the first dialysis session) and 5-6 months after starting dialysis by the same methods as used for the cross-sectional part.
Exclusion criteria for patients were: an acute start of dialysis treatment, active symptomatic coronary artery disease or cardiac failure New York Heart Association classification III or IV, active malignancies, active infections, and inability to provide informed consent. For bioimpedance measurements: no implantable cardioverter defibrillator (ICD) or pacemaker (interference with body composition monitor [BCM] ). For walking test measurements: physical disability (patients had to be able to walk without help). There were no restrictions for other measurements in patients with an ICD or pacemaker or physical disability.
Healthy controls were non-diabetic, non-smokers, and not hypertensive, and recruited via advertisements at the university hospital.
Exclusion criteria for healthy controls were hypertension during the screening; systolic blood pressure higher than 170 mm Hg, and/or diastolic blood pressure larger than 100 mm Hg, diabetes mellitus, and inability to provide informed consent.
All measurements took place on a non-dialysis day, or before a dialysis session for practical reasons, except for PA measurements, which were carried out in the home environment of the participants. Patients as well as healthy controls were asked to be in a fasting state during the measurements, except for the PA measurements.
PA Measurements
Participants were requested to wear a SenseWear TM pro 3 armband (Bodymedia ® , Pittsburg, PA, USA) to measure PA parameters (total energy expenditure [TEE], activity related energy expenditure [AEE], number of steps) for 2 consecutive days (CKD-5 non-dialysis patients: 2.01 ± 0.41 days, mean on-body time: 94.9%; dialysis patients: 2.30 ± 0.73 days, mean on-body time: 96.7%; controls: 2.07 ± 0.54 days, mean on-body time: 96.1%), which is considered to be sufficient to obtain data with regard to daily PA [14, 15] . For the primary analyses, the mean of the total on-body time was calculated (expressed as TEE, AEE and number of steps per 24 h) to include both the dialysis and non-dialysis day. Furthermore, TEE and AEE were expressed per kilogram body weight. No differentiation was made between data collected on week or weekend days for all participants.
In an additional analysis, a 24-h measurement cycle was analyzed for the dialysis patient group to exclude the dialysis session. For the longitudinal analysis in the CKD-5 non-dialysis group, the available data were not sufficient to exclude dialysis session. [16] . ATM and LTM were corrected for height to derive FTI and LTI. Measurements were taken as described in the manufacturer's manual [17] . Patients were in the supine position. In HD patients, measurements were collected before dialysis, in agreement with previous studies [18] [19] [20] . In PD patients, measurements were taken during a visit at the out-patient clinic. Measurements in PD patients were taken with a full abdomen for practical reasons and because sequestered fluid in the trunk has only a minor influence on whole-body bioimpedance measurements [21] [22] [23] . Body weight was corrected for PD fluid. Not all patients were in a fasting state as requested before measurements, due to diabetes ( n = 7) or for practical reasons ( n = 18).
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Muscle Strength
Muscle strength was determined by measuring the handgrip strength (HGS) twice with a handheld dynamometer (Jamar ® , Sammons Preston Inc., Bolingbrook, IL, USA) in a standing position with the arm in a flexed position of 90 degrees, contralateral of the shunt arm or in PD patients and healthy controls in the dominant hand.
Four Meter Walking Test
A 4-m walking test was conducted to determine walking speed (m/s). Several studies confirmed the validity and sensitivity of this test for determining walking speed [24] [25] [26] [27] and physical performance in ESRD patients [28] .
Comorbidity Score
Comorbidity index was determined by the Davies comorbidity index scoring system [29] , which is commonly used in ESRD patients [29] [30] [31] . Patients were divided into 3 risk groups; low, medium, and high risk of mortality.
Biochemical Parameters
Hemoglobin (HB) and dialysis adequacy (Kt/V) were determined during routine patient laboratory measurements.
Statistical Analysis
Data are expressed as mean ± SD or median (25th-75th percentile) unless indicated otherwise. For the cross-sectional analyses, differences in the categorical variables were assessed using chi-square tests. Differences in the continuous variables PA, physical performance, and BC between groups were assessed by independent-samples t tests or Mann-Whitney U tests, as appropriate. In additional analyses, we adjusted these between-group differences for differences in the distribution of age, gender, and diabetes status with the use of multivariable regression analyses. In these analyses, there was no evidence of multicollinearity (tolerance >0.20). For the longitudinal analyses, changes over time within the CKD-5 non-dialysis patient group were evaluated using the dependent-samples t test or Wilcoxon-matched pairs signed rank sum test, as appropriate. Differences in change between dialysis modalities were conducted with the independent sample t test or Wilcoxon-matched pairs signed rank sum test, as appropriate.
Statistical analyses were performed by IBM SPSS Statistics for Windows version 24 (IBM Corp., Armonk, NY, USA). p values ≤ 0.05 were considered to be statistically significant.
Results
Patient Characteristics
Patient characteristics for the cross-sectional part are summarized in Table 1 a and for the longitudinal part in Table 1 b.
PA Parameters
PA parameters, number of steps, and AEE were significantly lower in both CKD-5 non-dialysis and dialysis patients as compared to those in healthy controls ( Table 2 ; Fig. 1 ). No significant differences were found between CKD-5 non-dialysis and dialysis patients ( Table 2 ; Fig. 1 ). TEE was significantly lower in both CKD-5 nondialysis patients and dialysis patients as compared to that in healthy controls ( Table 2 ; Fig. 1 ). Additionally, after the exclusion of the dialysis day from the analyses, results were similar (data not shown). Further, after adjustment for age, gender, and diabetes prevalence outcomes were not materially changed (data not shown).
Muscle Strength and Walking Speed
No significant differences were found for HGS between CKD-5 non-dialysis patients and dialysis patients as well as for healthy controls ( Table 2 ). However, after adjustment for differences in age, gender, and diabetes prevalence between groups, dialysis patients had significantly lower HGS as compared to that in healthy controls (-7.1 kg, 95% CI -12.1 to -2.1). Walking speed was significantly lower in CKD-5 non-dialysis patients as compared to that in healthy controls but not as compared to that in dialysis patients ( Table 2 ). After adjustment for differences in age, gender, and diabetes prevalence between groups, findings were similar (data not shown).
Body Composition LTI (kg/m
2 ) was significantly lower in dialysis patients (13.0 ± 2.9 kg) as compared to that in CKD-5 non-dialysis patients (14.6 ± 2.5 kg, p = 0.020) and as compared to that in healthy controls (14.6 ± 1.9 kg, p = 0.039). FTI (kg/ m 2 ) was significantly higher in dialysis patients (14.3 ± 4.7 kg) as compared to that in CKD-5 non-dialysis patients (10.7 ± 4.1 kg, p = 0.002), and as compared to that in healthy controls (10.1 ± 3.0 kg, p = 0.001). For both LTI and FTI, no significant differences were found between CKD-5 non-dialysis patients when compared with the LTI and FTI of healthy controls. When adjusted for differences in age, gender, and diabetes prevalence between groups, LTI was significantly lower in dialysis patients as compared to that in CKD-5 non-dialysis patients (-1.6 kg/m 2 , 95% CI -2.7 to -0.5) and as compared to that in controls (-1.6 kg/m 2 , 95% CI -3.1 to -0.2). FTI was significantly higher in dialysis patients as compared to that in CKD-5 non-dialysis patients (+3.1 kg/m 2 , 95% CI 1.0-5.2) and as compared to that in healthy controls (+3.2 kg/ m 2 , 95% CI 0.6-5.8) after adjustment for age, gender, and diabetes prevalence.
Comorbidity Score
Comorbidity scores are summarized in Table 1 a. No significant differences were found between CKD-5 nondialysis and dialysis patients in terms of the distribution for each category (low, medium, and high risk; p = 0.370).
Longitudinal Analyses
Changes over time in the first 6 months after starting dialysis were found for AEE ( Table 3 ; Fig. 2 ). Walking speed significantly increased over time by median +0.2 (-0.1 to 0.4) m/s ( p = 0.05; Table 3 ; Fig. 2 ). No changes were found for HGS during the 6-month follow-up period ( Table 3 ; Fig. 2 ) . Also, no significant changes were 
Discussion
This study focused on the differences in PA between CKD-5 non-dialysis patients, dialysis patients and healthy controls, and on the alterations in PA from CKD-5 non-dialysis care to the first 6 months after starting dialysis. The cross-sectional analyses showed that PA parameters are already lower in the CKD-5 non-dialysis phase as compared to those in healthy controls, and comparable with those of dialysis patients, consistent with a sedentary lifestyle as previously defined by Avesani et al. [1] . The very low number of steps, as a hallmark of physical inactivity, in both CKD-5 non-dialysis and dialysis patients, is of serious concern, although not an entirely new finding in this field [1] . However, research on this topic has been controversial, since other studies show relatively preserved PA in patients with advanced CKD [8] .
The results of the longitudinal study suggested that the start of dialysis appeared to have a positive effect only on PA parameter AEE, which significantly increased after the start of dialysis. However, whether this is related to a beneficial effect of starting dialysis per se or to the slight increase in HB levels following the start of dialysis is unknown.
Nonetheless, even after the start of dialysis, PA parameters remained lower as compared with those in healthy controls. These results reemphasize the need for additional interventions, such as exercise training, to increase PA parameters both before and after the start of dialysis, which has been shown to be beneficial in this patient group by several studies [32, 33] , and furthermore to investigate whether or not such interventions are beneficial in the long term, given the fact that no differences in PA parameters were found between the CKD-5 non-dialysis group and the dialysis group. This underlines that the positive effect of starting dialysis is possibly cancelled out by a prolonged time on dialysis. Our study showed that walking speed, as a parameter of physical performance, was already significantly decreased in the CKD-5 non-dialysis phase. Initiation of dialysis was associated with a significant increase in walking speed during the first 6 months after starting dialysis. Conversely, earlier research in elderly dialysis patients showed that the start of dialysis is related to an increased risk of disability, particularly to activities of daily living, next to an increased risk of mortality [34] . Nevertheless, that study population consisted mostly of frail elderly people in a nursing home environment, in which the start of dialysis could be an additional factor for further decline in physical functioning [35, 36] , showing the importance of a patient's functional status prior to the start of dialysis. In contrast, we focused on a younger and less frail patient group (as was measured by determinants of frailty [37] such as body weight, HGS, PA, and walking speed), and studied parameters of PA and physical performance by field tests instead of selfreported tests. Additional analyses suggested that dialysis modality did not present different outcomes for PA parameters and physical performance. However, this may have been due to a lack of statistical power after stratification by dialysis modality.
HGS, as a parameter of muscle strength, tended to be under reference values as described by Webb et al. [38] , in both CKD-5 non-dialysis patients as well as in dialysis patients, which is in line with earlier research in both older adults [39] , as well as in ESRD patients starting dialysis [40] . Isoyama et al. [41] showed that muscle strength is a strong predictor for mortality in dialysis patients, even more strongly than muscle mass itself. In line with this study, our findings showed that starting dialysis does not seem to have a detrimental effect on HGS. However, no positive effect on HGS was observed during the first 6 months of dialysis treatment either.
Regarding BC, the cross-sectional analysis showed that LTI was significantly lower in dialysis patients when compared to that in CKD-5 non-dialysis patients and healthy controls. The decline in LTI in dialysis patients is in line with previous research [4, 42, 43] . In addition, after adjustment for age, gender, and diabetes, outcomes were similar.
In contrast, FTI was significantly higher in dialysis patients as compared to that in both CKD-5 non-dialysis patients and healthy controls. After adjustment for age, gender, and diabetes, the difference was similar in both groups, suggesting that only a part of high FTI levels was explained by the presence of diabetes (diabetes was more prevalent in the dialysis patient group as compared with the CKD-5 non-dialysis group). These results are in line with a recent cohort study in 8,227 patients, in which a mean increase in FTI of 0.95 kg/m 2 and a mean decrease in LTI of 0.4 kg/m 2 were observed within 2 years following the start of dialysis [44] . The higher FTI can possibly be explained by the effects of dialysis treatment, differences in food intake in dialysis patients, which were not captured in the present study, to a survivor bias, or to prolonged physical inactivity.
This study had some limitations; first, the study population was relatively small and consisted of both HD and PD patients. However, in the cross-sectional analysis, outcomes were not materially changed after the exclusion of PD patients. Also, the longitudinal study suggests no differences in changes in PA and physical performance between patients who started with HD as compared with those who started with PD, with the exception of HGS, which increased in HD patients and decreased in PD patients. A clear explanation for this finding is not directly at hand, and data on this topic are scarce, thereby creating a large knowledge gap in this field. Importantly, our results may have been due to the play of chance, given the low number of participants in each dialysis modality group. In addition, a study of Vogt et al. [45] did not find differences in HGS between HD and PD patients. Second, due to the fact that we have included relatively young and possibly less frail controls and patients, there might be a possibility of selection bias, as none of 42 CKD-5 non-dialysis patients in the longitudinally analyses died in the first 6 months of the transitional phase after starting dialysis. Third, PA was measured only for a relatively short period of time (48 h), which might have biased outcome parameters. However, data from previous studies suggest that 2 days of measurement are sufficient to obtain reliable data [14, 15] . Additionally, we chose to include an additional analysis of a non-dialysis day in order to exclude the effects of the time allocated to the dialysis treatment per se. Fourth, no data with regard to dietary intake were available. However, information with regard to nutritional status measured by the BCM [16] did not show significant alterations in the first 6 months after the start of dialysis. Finally, in the cross-sectional part, there was an imbalance in diabetics between the CKD-5 non-dialysis and dialysis patients. However, rePhysical Activity in ESRD Nephron 2017;137:47-56 DOI: 10.1159/000476072 55 sults did not materially change after adjustment for diabetes.
To conclude, PA parameters are already lower in the CKD-5 non-dialysis phase, consistent with a sedentary lifestyle and were not different from dialysis patients. The transition from CKD-5 non-dialysis to dialysis was associated with only a modest improvement in AEE in the first 6 months after the start of dialysis. These results underscore the importance of PA programs, which should also include the CKD-5 non-dialysis phase.
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